In core-collapse supernovae, titanium-44 ( 44 Ti) is produced in the innermost ejecta, in the layer of material directly on top of the newly formed compact object. As such, it provides a direct probe of the supernova engine. Observations of supernova 1987A (SN1987A) have resolved the 67.87-and 78.32-kilo-electron volt emission lines from decay of 44 Ti produced in the supernova explosion. These lines are narrow and redshifted with a Doppler velocity of~700 kilometers per second, direct evidence of large-scale asymmetry in the explosion.
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S upernova 1987A (SN1987A) in the Large
Magellanic Cloud provides a unique opportunity to study a nearby (50 kpc) core collapse supernova (CCSN) explosion and its subsequent evolution into a supernova remnant. SN1987A has validated some of our most basic assumptions about CCSN. The burst of neutrinos observed on Earth that preceded the visible emission confirmed that the overall explosion is driven by the collapse of the central core to a neutron star (1, 2) . The direct gammaray detections of 0.07 solar mass (M ⊙ ) of 56 Co (3, 4) and 0.003 M ⊙ of 57 Co (5), and the correlation between the exponential decay of the optical light curve and lifetime of these isotopes (6, 7) , confirmed that the light curve is driven by radioactive decay of these nuclei.
SN1987A, however, held a few surprises. Models and light curves supported red supergiant progenitors for CCSN, but the SN1987A progenitor was blue (8) . The 56 Co gamma-ray lines emerged from the explosion several months before expected, implying that some of the innermost heavy nuclear products had been mixed into the outer envelope (3). The 56 Co gamma-ray line spectroscopy showed mixing to velocities of ∼3000 km s −1 , several times higher than expected from spherically symmetric models, and also a net redshift of ∼500 km s −1 , which indicated large-scale asymmetry (9, 10) . Although subsequent x-ray observations have revealed expanding, brightening ejecta, there has been no evidence of the compact object created in the explosion (11, 12) .
Here we present observations of 44 Ti emission from SN1987A with the Nuclear Spectroscopic Telescope Array (NuSTAR) focusing high-energy x-ray telescope (13) . 44 Ti production occurs deep inside the supernova near the dividing line between ejecta and material that falls back on the compact object, and is sensitive to the CCSN explosion energy and asymmetries (14, 15 44 Ti. The NuSTAR optics response cuts off at 78.39 keV, potentially cutting off any blueshifted emission. However, examination of the 67.87-keV line reveals a net redshift, allowing us to combine the lines for optimal analysis and use the individual lines to check for consistency (17) . The signal-to-noise ratio for the detection of these combined lines is ∼8.5s. The line widths are consistent with the NuSTAR spectral resolution, and the corresponding upper limit on any Doppler broadening is 4100 km s Ti yield based on detailed modeling of the UVOIR spectra (20) (21) (22) and bolometric luminosity (23, 24) . These observational studies do not all agree within their uncertainties, but generally fall in the range of (0.5 to 2) × 10
Ti produced in the explosion (24) . The Ti yield measured by NuSTAR is in good agreement with most estimates based on the UVOIR bolometric light curves and spectroscopic modeling, providing support for the detailed models underlying these estimates; however, our measured redshift reveals a more complicated explosion structure than assumed in these models. Finally, theoretical predictions of the 44 Ti yield for SN1987A fall roughly within this same range of (0.5 to 2) × 10 −4 M ⊙ , with lower yields generally corresponding to spherically symmetric models, and yields increasing with larger asymmetries. See reference (24) for a compilation of theory references. NuSTAR observations have set an upper limit on the Doppler broadening of <4100 km s ), but the significance was marginal. The 56 Co detection also stands contrary to predictions of spherically symmetric explosion models that would produce blueshifted gamma-ray lines due to increased absorption of the receding redshifted emission. The redshifted 56 Co lines suggest large-scale asymmetry in the explosion.
There has been growing evidence for asymmetries in supernovae explosions over the past decades (25) . In SN1987A itself, asymmetry was initially supported by extensive evidence for mixing and polarized optical emission as reviewed in (26, 27) , and later by spatially resolved images of the ejecta (27, 28) . NuSTAR observations of the spatial distribution of 44 Ti in the Cas A supernova remnant shows direct evidence of asymmetry (29) . Our results here suggest an even higher level of asymmetry for SN1987A. For comparison, NuSTAR measured a redshift for the integrated Cas A spectrum of (2100 T 900) km s . Given that ejection velocity and the age of the remnant (340 years), the estimated "look-back" redshift velocity for Cas A is ∼1400 km s In the 44 Ti-powered phase, the dominant energy input to the ejecta comes through the subsequent positron emission of 44 Sc, when most of the gamma rays escape the ejecta without interacting. These positrons are produced deep in the ejecta, and both simple estimates and detailed models suggest that they are locally absorbed and instantaneously thermalized (20, 22) . The implication is that the UVOIR emission of SN1987A during the 44 Ti-powered phase should be dominated by the ejecta spatially coincident with the 44 Ti ejecta. In principle, UVOIR spectral imaging in the Ni decay) around 400 days after the explosion (31, 32) . In this model, the single lobe is oriented at an angle pointing away from us, producing the redshifted lines (30) . The NuSTAR observations appear consistent with these single-lobe models. One consequence of such a highly asymmetric explosion is that the compact object produced by SN1987A would, presumably, receive a kick velocity opposite the direction of the ejecta (33) . 
